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SUMBARY

e e v

The high cost of building and operating physicnl =models,
such a®s mocok-ups and gaee sizulations, leads to 2= use of
zymbolic models for evaluating complex man-machine systems. This
engenders exteanniva cgumputationzl problems particulavrly suited to
solution on digital computars bectuse of their inherent flexibility.
The cowuplexity of the systoc is raflected in the complexity of the
aet of instructicoy, 7ot the comsuter. A large nusber of errors ars
almcegt inevitabl:s =hen tas ¢cda is written directly in the macaline
iangueage, and the resultiag code is extremely difficult to check.
The difficulty is overcome ¥y defining an easily understood arti-
ficial lungusge tas: ths coder can uwe for writing the set cf
instryctions. Thir language is then transiaisd by automatic
machinery into explicit instructions in the machiue ianguage.
The language is described for the use of the Naval Research Lab-
cratory coaputer and t¥c moethods for aulomatic trancletion are
explsined. Onue uses e¢lementary IBM sechinery in a self-checking
procssr, the other usez the computer itgelf for perforaing the
transletion. The I8N proceduzs iz dsucribed in detail in tbs
first appendix and a fully anaotated code for the cosmpuier trans-

lation iz includod in the sscond nppendis.
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1XTRODUCTION

Much of engineering predictien is dcone hy the usa of modlels, and
in general two types ¢an be distisguished -- physical and symdolic,
8uch a distinction, of course, im rot precise® and mixed types are
seaétines usod. A physical model "looks” 1ixé the rsal objact. A
scale wodel of ai: airplane for use in A wind “unnel is san example of
& physical wodel. Certain cheracteristics of the real odbject 2nd its
scvircament 2rs abetracred and ruie= of correspondence betwésn the real
and sisulated evstong f&.&r@g gpg,xn#%‘( Inferencoe are drawz aboui

e " 3'
the Bedhavior of t‘o resl Qbject in a- rcaf oﬁ&iron-ont from the be-
7 T A
imvior of the Ioao in the modsl ogviron-oqp; A parallel situation
oexists for the syubsikc nodal. ucrz_tho basic corrospomdences liea
P el

betwesn chavarterisiils ui in= TSRl ODJSCT in the context of its real
environweat and a set of a2ymbols.

In dealing wvitk systems, mono fors o0f mcdel must be used zince
the physical renlity ia generally tovo large tc be examived under cor-
trolled conditiona, The cheice lies botween & shyziczil wodel znd a

=y®uilic model. The physical model would be & mock-up of the systesa.

Mock-upu of apy reeasonable xize sysism are very; costly aand guits speciral

e e T LS TR DR o BT
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to the particular systes, Sy=bolic m0d:sl3 are inexpensive sand the
Zar® cozjpuiing wmachinery cun be used to evailuate the wodel of any
system. Althouzh inexpensive and easy to coantrol, tke syzbolic wodel

zsuffers Zrcx itz degvss of abatraction frowm the physical reality. At-

b

tempts to improve ths correspandence lead to cumhersowe and intricate
descriptions which of course turn into cuxbersome and intricate meries

of instructions to a computer,

Generally, the corFrespondencs Lstween model an? ~eality is in

terwz of measures. & -ygbox.i,{ysadtfb:;opreaent & numserical msasure of
AR S R

Y

so=3 property o!'tﬁo resl situatio®, The ?%169 déscrining interactions
between the nunb,ra associated with the .yebol- are presumed to hoid

for interactions bo?beenﬁifo ,:::3rgn¢ﬁtu of pro~erties of the real
syzten. Thesé rules 2:e wonerally exnraansd in tarna 22 sorma meth.
ematical disciplize or discipiinse and carry tho isplication that

he moiwares and their interacticzs satisfy the definitiona and axious
of the formal Ziscipline. Thu3 thsre are two set3 of ruies which the
EeABuUI R =<2t saiisfy: (Ne spociuni, corregponding %o the particular

model, and the genorsl, corresponding to the wathematical dimcipliue.

A largs advaniage is, 0f course, that many broad relaticuskips cou-
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cerniee the w2y in viich the genoral rules are jnter-relisted as/e been
proevicusly dorived within tie frsaswork of deductive lcgile, If, for
éxample, the motion of a physical systsas can be skawn tc be iuitably

described by the differential equation

X + P (XX + 6 (W = o0,
thér certain coaditions on ¥ and G can be stated for which a periodic
freo motisn of the system ig possitle. Thie ie inferred without ex-
plicitly oelculating tic motion of the system.

Compuiers hive nov made possiptie the manimulation of syubolic

models of & zize Ritherts unfeasible. Before taeir advent, anslytic

\-\.,.

iavestigation was th.rowli iﬁ!‘a df ad:ﬁpqp~<\ th wnodels of any degree
;A oy

¥

of conplexity becauae of ﬁgpwmnggrrv ayd dttttaulty ef sumeriosi cai~
-’ 'r \\ /.

culstica. Insdeed auslysis Sae peid tro.on&qﬁ& éividends ir the cosi
+ .

€, 4
7 ,.

and time invoived in n&ktﬁlﬁiao&tcuf!ii pr=dictions. As a result, however,
the ectire pracess of nodel coastructioa has been so colored by the

requirenente of czalysis that oftes ueedles: effort is oxranded in put-

den $or 2 computer inte propsr fora for amalytic fn-

ting tRe descrizt

fereace, c¢ven when there is ne intsntion of attempting te maké such

iaferences.




Eowever, if & relatively direct description oi the physical
systeam ::z computer terms is employed scveral advuatages accrue.
Pirst, there is a clear coriespondsnce between the computer variables
and their irntzractiors and the physicil variavies and their inter-
actions, which i3ads to & computer code that is ems; {o check ifor
its coneisténcy and its cioseness to reality. 3sccad, direct
descriptior tends to rewmove tie strictures isposed by forcing the
modei to coniorw teo spedial mathematical properties. FYor example,

if the roblea ia to compute the behavior of & gystem best des-

.,“‘\‘

cribcd by a non-uau_r,jimi"oﬁnx eﬁg;bq, & strong tezdency

3
M
4 s

exists to linearisze the cg ?A,n lnd‘thon solve it. Actually for
the compuster theé\\is vanly slight dtttor?peo in difficulty between
a linear and non-ltn;;r ed¥atiow:  In t;ct. as far as descrihing
the syster is concerned, there is 1ii{tle psint in even writing a
differential eguation. The physicel lava relating the mezaures

cap be written directly in computer terus. This doogdot imsply that
analytic investigation is not fruilfuil, Gut thutl the cCcmputer des-
~ription and the &223itic descriptior are in gsnsral separate

probleus 2né ahould be dealt wiin ssparately. The coaputer de==2riptioa

S RS i



e e X o [ FATT A C N | = A W S L, e S

teccues then = more or less Jdireot anslogue =2 the rsal system and
can be exaninsd in much thr sawe nannor as 2 phaysisal anzlogue. In
gddition to specific numerical zcsults concerzisg the ssasures of
properties associatzd with the ny-to;, valuable guzlitative oxam-
inaticns are posuible, giveu adequute preserntation of the results

of the computer model.
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CHRAPIER I

PROBLENE IN 7HZ CONSJTRUCTION GF DIGITAL COMPUTER ANALOCURS

The Jdescripticn of a computer arslogue, that is, the =imulation

of complex systeme by means of & eet & imatructicz= on = large
scale digital compuier, leads © piroblems tiat are not ordinarily
eccountsred in routine calculations. kKost of these are engendsred
by the cocmparatively large number of iln@tructions and logical
slternatives rejuired by the comglexity of the mystem.

The calculation process can be wrokem down into five steps.
Tasse are programaing, saéz;i; ;%ii chte;%q‘,\phock run and cai-

ar :

culaticn run. The steps uraﬁgq;.!ﬁoprqgg but uaa overlappisg and

e

’

intersoting. Protraag.ng iz the planning ot.}jo general chazacier
oi the modei to be uesd.ﬂ Th%au&n:nbvti'tho choice of Sharacter-
istirca to be reprcaented, the nhoilce of coordimate systeme, the
reepcnses to be recorded, the wivircnmeats to be examined, and the
<omputational scusace= to be empioyed. There aro often eeveral
oquivalent uathematical statemsnta of v given relatiomship. This
particularly tvue of iterstive processes where severial segquances

sonverge tc ks same vesult, This selection of method fails in

the task cf prograzsmiag. Codivg is the writing of tho expiicit

-/
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ingtructions 75T ithne computer, vhersss code checking is the re-
view of thu oods writisg, preierably done by somecne other than the
original coder. The check run is done on the computer, and the
computer rasults are compared vith 2 precalculated orchlewn, When
this psocedure is completed, the calculstion sequence is run,

For iargoe scale computers, he comst of compuvter time compares
with the coat of twenty-to-Iorty men, depending on the particular
machine. Theveiore, on a coast basis Letween twenty and forty
san-hours are weil apent if theoy save an hour of coamputer run,

Rt T

but a higher ratio than ;&1’“& gwgltl,y M# 2ficient. in ad-

LAN \
Yala s

dition, there is oft'n a lnrge ti-e ptonlu- 'hon a ccmputer andel
PARRL !
is used to aid an ohginooring decision. The gilanco of these
\ s

factors varies rrOl pr&iinp E:,f:?gl.’” fb a largs extent tims
spent on programming cannct be exchanjged for coupuier time. This
is not true, however, for coding and cods checking. A typical
examvle is the use of fioatizng decimel sub-routines. H3calizg a
particular code to retain signtificance undsr computetion might iteke

one~iindred mair-hours for 2 computing ruan of fivs minutss, not

counting tinme spent in reading iastructions in and resuits out.

‘Pn"x‘z\‘ mm'fmp i 5_-4-'"\- "?’.
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Altkough floatiny decimal operzticis might take ter times a
1ts in a large net reducticn in

computer time, their use here r

total comt of coaputatien,
Sisciation problems are characterized by high ratiogc of

imsiructions to variablae and constanta, a high percentage of

comparisons asvag the instructions, and a requirement Zor extreme
a coder writes

L®t us assume that

ézecription.

-
e

fivxinility 4

directly in the machine ianguaze. That is, he uses

form 2f the wachine addresses and the nuneriosl form of the machine
y involvs,

e

stenm DRy s&sii

operations. The do.cr19;&.!:§ffnwiiﬁii»iy
ESET D E -
N = B flm~\\a
n‘ pcghlpc 130 variabies

~ A\

*
A
[4

end constante. By snalogy, his probl

s _,\'
88y, 2,000 single /‘-..Ii iastructicie:a
‘ o b § .
em is sitilar to wriiisg
4,000 vord essay inuhwgonplctaly new lgpcﬁigo with the peaalty

-

that & single wistske in epelling or grammar sarns him a =222k of

The languige, moreover, clamged nct conly frcm problee to problem

ZOTro.
but, in general, whenever the coder makes any sort of alteration
ipticon already writion wcker iu

e ol s
ri® of ths dsscr!

in pa
turs aust learn thie language in order te detect &uy eirors in

the addressos used in the inmtructions, or ina

the Mpeiling’™, L. €.,
8
e

A g e
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the "grammer”, 1.e., thke loglical struci:ire of the code. The net
result im that at least for systems probie=s, coding ia this form
is either impomsible or at best a long 2ad costly process.

Te obviate thig difficulty, the ccder should be permitted to
write his description in a mors understandable ianguage, If this
language is chorsn 2o that an explicit get of rulen can be provided
for translating the code from this form into machine form, the
translation can be performed by machinery, eliminating a iarge
source of clerical error. Thus, a symbolic <coding method saves

DV LA

money in time supent on coding, tiay apqnt in.code-checking, and,

“~d N
hecauss of thw roductiod 2n.probab111ty of. eréz %o-yator tize
!H\‘,"x
in the check rus. Thl. ilast aé‘aniagc nﬁght be rod&eod 1f the
\ P
LY

computer itself iz used td‘sortora the trannl&*‘e

R pagn = -

1f &t 13 postulated that a geancrzl purpose digital computer
wiil be usad for performing the translatioan, simost cosplete free-

dow oxigts in thes choice of languags. The only major difficulty

4id
&

exarple, standard algehbraic uotation aight ba umed, treanting numbers

ag mambors of the 2ield of real numberg., A direct translation frox

PRI A AR
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this formulation wouid fail Iln many instances dus to (ka computer
limitation to a finite mat of allowed numdery. At thiz time
inpsufficlient knowledge exists concernipog this limliaticn, and
thuz, rules of direct translation caznot be formulated.

Am & compromise two simplifications in the computer language
csn be permitted. First, instead of using explicit machine addresses
the codeér can specify locations by wmeans of five arbitrsry alpha-
numorical syubols., This redundarncy permits cueing tUe given
names tc descriptions of tke vsriablea. go that the symbcl groepings

have wnemonic contont,ﬁ gqg,c%li.ypjff“can refer io stundard

» ,(c
- 72N

patterns of 1n-trqctions br a s‘n‘lo gylbol lpllovod by ths
,'I\.,'tli i IJI N

b

addresses of appropriate variables for ontr)/into the pattern,
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Operatiasn Coding
Code Symbol

10 TCL

11 TCR

13 CTL

13 CTR

20 REL

21 RER
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TABLE I

INSTRUCTION CODE FOR NAKREC

Orerationsl Instructions

Transfer the control to the left-hand order of the

word at atorage lccstion s.

Transfer the control to the right-hand order of the
word at storage lscaticn s,

I2 the number in the A register is greater than or

squal to zerc, transfer the control to the left-

h

< A

kand °ﬂ9"'%fgf!3{fpfﬁ 3v-gtorage looation s;

i .‘)’ RTINS i

s R L. 2 TR o
othéréise, proceed to (he nexi order of the routine.
‘* SRS

I1{.¢t2¢ number ih the A register is greater than or

\

w s’
oquui‘iqmzaro, trdé-:eg;@i& ocoutrol tv the right-

bt e < s e O

hand order ol the word at storage location 8; other-
wise, procsed to the next order of the routine.
Re|;2ace digits C through 132 o! ths word at storage
Jocatior ® by digits O through 12 of the word in

ths A reglister.

Beplace digita 24 through 36 of the word at astorags

A oS L SRR T R @'g-x Aol AE g 'Lﬂ.'f
SR R i g N oy T et

PSR



W
-

a3

30

31

ARRATE ST Ay o

=

<8

RER

INL

AL

RD

0
l;'

PR TR = T GR BN o R SNURTE T Dlan TS SIS RA B T

tha A register.

increase the storage-locatiou designation of the left-
hend order of the word at storage location & by one.
Increase the atcragn-location designation of the right-
band order of the word at storage iocktion 8 by one.
SBhift the contonts of the A and ¥/ registers (oxcopting
sign digite) n places to the left. The overfiows on
the ieft of the A register sre successively piaced

in the vncatgd dggitg quett‘pnl of the U register,
. *‘?l .a“ /z

,~\'. “

while tlc’vtcatod politxonl.of'-hczA regzister are

o | 14
n RIS B S ;
¢ ! Rl S

nade zoro. ' S

Shift the*qonton*l of the A :oflntor (oxcepting the

L T s
PN el

Sign digit) n pisces (0 iaw cigul.
digital positions on the left take the ecams coundition
as the sign digit, and the overflow at the right is
dropped. The contante of the U register rewain un-
changed during this operation.

Kead the words betwesn the "start" and ‘"satop’ indi-

itona from the magnetiec &P® of the magnetic-tape

12

AT T H '_!:a,wun'c. -
e -5 W * §-TTH L 1
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32 RD reador to cousecutive storage locations heginning
with storage lccation s.
33 RC Record the word at storage locetion 5 on the magnetic
tape of the magnetic-tape rzcorder,
4c Ua Transisy tho numuer in the U ragister tc the A
register.
41 AY Transier the number in the A register to the U
regiseter,
42 FA Transfer the word in the A register to storage
v ) TN,
o P e .J,’ : “3 s
locatiogﬁgs - i P
s > . )
43 FU Transfer the nuwher ;! 4 kb U regi-ter to atorsge
locaiion . e. e
~ -
\w.‘ ‘“n . 0",,.*»/
50 Th “ransfer the ward 3?'-fnr;s; lanatian = ¢n tha 4
regizster.
8i MA Tranafer the negetivs of tThe nuaber at =torage
location # to the A register.
52 TAB Transfer ihe sbsolute vaiue of the numbzi at storuge

locsation 3 to the A register.

13
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LX) MAD Trangfer the negative of the absclute walue of the
nuuber at storege location & to the A register,
&4 AD Add the number &t wtorags location s to the word in

the A register and place the result in the A reégister,

/]
A
n
(%]
L
[49
[49
i

iegalively tne nuabnr at storage location s to the
word in thod a regigter and place the resuir in the A
regiater.

56 ADB Add the absciuie value ocf the number at storage loca-

tion s tc the nuwber in the A register and place the

oo WRBITRITMARY v

"'..'» e
Il - [

e el el -
result ln‘,.tl&@*,*odirﬂh‘.- .3 P
] J' AY

.A.
»

%4 SUB  Add no’{tivoly’t§c:§b1ﬂluto.vuluo of tho numsber at
storage location s to the nu:bor|iﬁ the A register and
place the i:‘“itxig tha A- gééi=t=,.

80 MU Muitiply the nuwbor at storuge location & by the number
in the A registsr aand form tle high-order rroduct in tas
A register and the low-order product in the U register,

61 MR Nultiply the nuwber at storage location 3 by the number

in the A regiater snd form the rounded-ofi high-order

product in the A registor,

id
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71

80

81

X a4

BT

ST

Pivide the numdber in the A regizter by ¢the nuater at
storage lccation # and fora the rounded-off quotient
in ths A register,

Resget ths U register to zoro. .

Renet the A rzzistar to zero.

Transfer the n words at storage locaticns s, to

(ll pius (n-1))to storage iccatiorn s, to {32 plus
{n-1) ) respectivelyv.

Stop sachine operation.
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CEBAPTER I

CODE LANGUAGE AND TRANSLATION PROCEJISES

I2 the appendices two different translation amethocids ars
damcribhed: one uses slexentary IBN machinery. and the other uses a
large goeneral purpose digital computer (the Naval Resecarch Labcraiory
Computer - NAREC). Both translation processes smploy approximmiasly
the saws basic coding language. This language has two principzal
fentures, s;mbolic representation of addreases, and symbolic reZzrence
to paztern subroutirvss. Pattern subroutines differ fros transter-cf-
control subroutines in that they are incorporated in the main sejuence
of instructions rather than occupy a set of standard locations.

1f, for example, there is a subroutine for finding ithe dot product
0oi three dJdimensional vectors, the pattara foras would appear ss follows

(Refer to TABLE ] Zor the neaning of the operational symbols):

-

AT Ay
TA X1 PN S T
] | Ciis
MR Y1 o .
“;)'il‘ ' i !
FA T1 "
Ia ia T S e
MR Y3
i6

2T AP
Frime e

AP e i
e NSRRI N




AD Tl
FA Ti
TA X3
MR Y3
AD Tl

This pattern would be included in the main sequence of instruc-
tions whexnever the subroutine is used, diffe:ring only in the addresses

¢f X1, Y1, X2, Y2, X3, Y3. As & traasfsr-of-control subroutine the

instruction set would appear:

TA x1
FA 81
T‘ xa ,‘v":p: ,: :‘J d ‘l'; '{.;;: Mb._ \K
o &% . * "‘; . ‘h
» i f\';' .‘e;‘; '1‘.'
FA &3 ﬂ 2 .;'|' ; 2
TA p & ] ;
. . A.'f
FA 83 N '““-:..._,,,h.-=.--s=v-""’.
TA ) 44
FA s4
b 1A v2
FA as




ra 26
2 DPXiL {Xote: DPILIL dencies tho sddress where the
oumerical value of DPX1 {cn address)} is stored.
21 pext iastructicsan in main sequenca.
RE DPX
Tc DSRNT
DPENT TA -3
BR 4
A 71
TA s2
uR 85
AD Tl
ra Ti
TL B2
= 86
ab 71
aPx I<

i8




Nlearly in thie case the patters subiroutine ia wore economiecal,

since the set-up instructions are longer thin the routine itself, It

ic to s noted thut when instructions are acted sr by cther imastruc-

tions, they wmust bs tagged with the refsreacs znazs.

For a further example suppoae the action of a shilp heading for

a moovring buoy is bming simulatea and the information dezired is the

zine and gosine of the course engle to the buoy. Also assune that

routineg, called SI(U, has been established that gives these for any

two points. Thig could have two different translations, depending

on whether a pattern subroutine oy a transfer-cf-control subroutine

is used, The sudroutine would appsar generzily as follows:

TA X1 {1)
L ert PPy Y b el “
"'4”". o, py:'? | G :\I‘\‘\
sﬁ x2 12\ .-I"" P2y \'4 r‘ s ’ o 4‘-7 .",a\\.
VIO et ¥
AN Ve N
ra X ‘ e AR
Y
MR x L
R
FA Y
TA Yl {3)
BU Y2 (4)
FA Y

poi
<]
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KPT

AG

FA

DI

A

T

Dl

Fi

Pi

A

T1

ONE

Tl

T1

SIN

(8}

(&}

s

=

" ot




*

the pattern subrcutine the coder would assume rties fcollewing

dictionary:
{1) SRIP X - X poeiticn of ship
i2) B3BIP ¥ - Y position of ship
(3) RUOY X - X position of buoy
(4) BLOT Y - Y posttgon ",
(S) SEIP 5 - Bine o;%-hlp" course angle
{8) BEIP C - Cosizs cf ==2§'i co;:na angle

=

TOL - adsilnlhl;ﬁu:;?r in calcuistiesn é! sgusre root

Thus tke codar would write 8ICO BUOY X, BUOY Y, SEIP X, BEIP ¥,
SNIP 5, SEBIP C.

The sddresses f{ollowing 2I1CC would replaces tihe addressys at the
corresponding numberes positions ir the pettern. 7o use & transier-
cf-control, the cortect ifocsticzas inp the set-fp instructions, copsider-
ing the sei-up ips:iructicns &s a pattern, are replaced. This w=ould
sppear SICO BUDOY X, BUOY Y, SEIP X, SEIF Y, SHIP B, SNIP C, ¥'¥TL,

MIKT is zke nzx?t rustruaction ie ths mais routinse.

21

e e, s WIS - N, e S e, il AT e e iy Sy o — A LS, T DS P
Fef mp_ ﬂé;'%g:g« S, e o g, T ns.'-:_:‘k& e T S e SOET o ety o "_""-::‘:‘.“":.f A AN I e P '!-:;%Pa:’ﬁé L'.h%:ﬂml‘; =,
T 3 = sk e s 7% R st
* X, & 3 - r; = . —X

e ] > =



KIXTL 3 1k iocAticon ol the nuwver XNIW
¥hearn uzing & trezsfer of coatrel subroutine, the exit to the

sain routine =must be spec:fieé. The set-up patterr woulld sppes..

4 {2}
ra X1
TA €23
FA h #1
TA {3)
" o - =
FA zi /"_ _‘x‘.‘"‘ s = k”; "
TA (&) -
Fi Y2
A 8ICIL R
RE SI1CCY
T SICCN
1CL Tk BIN

Additional dictionary for traneier-cf-contrc
Fi (S}

subroutine is:
TA 08

ras S8IZCI - last instructiorin subroutine

rs L3

BICOK - addresgs »nf firgt ipzircction of zub-
P £7)

routian; {7} is tae sddrees of the uddrass

of the next iasmiruction; ia tais problee

e e S G T e e e

b T e =k DR P i s T X
EUENG ol e e e el N L e



t8 im the corcsct lacations

for use of the ztandard sot of inmtructiconzs that zomprise the subroutine.
In addition, the patterna »rovidas for proper return of coantrol to the
r2in sequenced ofi instructicas., Ip other words tho sest~up instructions
for a transfer-of-control subroutine &re treated as a pattern and
translsted as such.

Translation by IBM. The translation by means of IBM machinersy

can be divided into two main steps;: firsi, translstion from multiple

address sywbolic form 1nta"ﬂ ° Aﬁdroc* syabolic form, and sscond.
. “’ l’\.ruﬂ ‘;‘\

transiation frowm liﬁglo address 'yibollc~£¢xﬁ\1nto specifjic eschine

:_,':7-}4 - ST
instructione, ' !

In the first ltcp & deck uf esards coq}tlnin( the instructions

‘-"‘,,
P —— e e

in multiple-address form is sorted by subroutinec desigzation and
the number of occurrances of oach sudroutine is couated., SBtandard
sets of cards are prepared for sach subroutine. TYhese contain thy
couplete coded pattern of the aubroutinz wiith addrescses that are the
saxe for cach use of {iie subroutine in syaboiic fora and blszia
leXt for the positions cccupisd by the arguments. Io addition,

the mubrouting decks contain punches that control the rsad feed of

3

23

e

S




AP AR B . i -
e e e

P,
i
(1]
-
5
[$)
“r
0
"
]
~
I
»
"y
3
3
%]
wr
S 4

1hs rsproducer z2nd the tilming o he arguaents
into ths apyrcpriate positicne in the subrouting deci. Tie ilaostructiorm
deck is pisced in the rond feed; the subroutine éecks are placed in

the yunch £s2d. As e=ch irztruction card passes under the reading
brushes, ail of the iaformaticn is punchoé into the first card of the
subroutine deck. This inforamtion is gacg-punched back into succegs=ivs

cards of the subroutise deck whila the read f2sd is held. Selectors

then trensfer the symbols fro- th."tﬁﬁgrpunnnad columnz into appropriate

’
3 ..} 2 d

positicns on the mu broutﬁn‘.card-. When a luﬁ?ﬁht§a= is completed,
the next instruction cerd is remd., Thié proceme reaults in a deck

containing - set of ins tructions in terms or th‘ ol-ontsry operations

-

oy,
anbDaesS 5

of the computer, but with epyubole gtill ir symbolic fors.

The uext step is the translation of single-address symboll
form into explicit wmachine language. Pirst, ths deck of single-
address instructions are numbersd meauentially, bezsinning with the
first addresn where instructicas are stored. Next, those lrstruciions
that are named are exiracted fiom the deck. Tisss are uszd tc form
&n auxiliary sat of dictionary cardsa, containing the symbolic form
of the -ame and the machine sadidreza 2esignment. These are lumsped
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with the dicticnary carda, bearing the symboliic form ¢l variables,
parameters, fnd pseurdoc-variables to form the cokplete Iiztiovuary deck,
The dictionary Jdesk is placed in & sorter followad Dy the izatruction
deck and sorted on the syabolic form Bf the nsns., The maching address
i3 then gang-punched ilanto the instruction deck. The usymbolic fora
of the operaticn is aimilarly translated to forw 2 complete set of
instructions in machine terminolegy. This 1is now printed for transier

tc tape or other means of wachine input. The iniermediate checking

processes Lave not bocuﬁolaﬁt$3a. Sufzicgiyq‘lpy that all operations
."f v'i '."‘ )
Ak -

@
’

e machine checksd to arvi#s;;p‘”.y§tr,lpw probedility of srror.

Trauslation by NARRC. In the tranadation procesz for the
. f‘

s

MAREC, aimilar prccedures afszfatfﬂliﬁ‘iith allowance for tha capa-
bilitiez and limitations of the computer. The rrocess is predicated

nn gh- Ty

~e &
MY Va 3

iv6-Uit =iphs-anuwerical reopresentation of iaput cymbuls,
The dictionary is read iato the machine firet. Thia consimtm of

five five-bit symdols for each syebolir form, a total of twenty-five
bits oocupylag the last portinn of & wachine word, Ae the dictionary

an addrags iz agsigned Lo sach sy=bkolic form, In ad-

dition, the number of foras beginning =i®h ench of the thirvy-twe

rossible initinl symhbolis j& counted., The dicticpary ie now mortasd




into biocke corresponding tc the laltial aywbol. Tais 15 Jdowe ®mo
that, when trenslating, the mizchine need conly msearch cn the gverags
over 1/32 of the diciionary. Now the imtructicns arq&aad in as
operaticn reference blocksa, in other words, thqﬁizo ot the Tead-

in will depend on the aumbei of addresses correspondiag (o the part-
icular uvperation. If the imstruction read-in hss a name associzted
with it, the nawe and ihe asmigned addrsss are placed in the ap-
propriste location iu tiie dictionary. 8ince a named instruction

®say be referemced in soioyothb;mieetraﬁénzpﬂ?rgzeding it, a epecial
section of the msmory iz set aside ipr,qtoglég such referenc<s.

y [

a4

When the named in-trucfion is read in, thig sectisn is checked to
wee if reference has been .n.é'ai“-tn..“,,m‘ehﬁ";;propristo address

is i&§§§¥¥35? If the operation refers to 2 pattern subroutine, thks
argusents sre inserted iuto the correct locations i1 the paitern,
which ims stored in the wesmory in symbolic form, Thie pattern is

ncw soved as & block to the tramnslaiior poesition and treaaglated

a3 a sei cof single-addres= iastructiouns. Various specitl provisions

are wade for block transfer insc:riuctione and those operations for

whick the aumerical c¢ode vavries for right or lefti veference. in

P TS A U R VT Al MR O IR s T Sk T e O G
P e e R P e it B e e %
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sddition, various zubsidinry checks are wade to tsat mewory re-
liahility, comploteness of Jictionary, ané¢ completoness in pattera
subroutine reference.

2etallsd formulationu of these processes are included in the
appendices. The code for iike NARERC t:arnslation ie written in proper
forms for single sddress transiation by IBEM machinery and may bs
examined as sn example of symbolic coding. The NALERC code shas
not as yet beoen sachine checked tnd therefore is subject to wminor

revision &nd correctica,
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APPERDIX X

I2M 'TRANSLATION PROCKSS

K. J. Isaac, H. Weam=el, 3, Anderson

The IBE process translaies the muitiple-address symbolic code

into single-address syzbolic code whiich is then translated into explicit

machine code.

but

structions. these are seperated,

T - .
the =zultiple-addreus pr ~~Che muitipiv
“i‘ ’." SR ..,' = N

Lo ﬁ,... )

OTCoa,
5 ’

4 )

"t

oa the previous conatructtba of stlndard_@a&kﬁ'for.oach

’ r‘.uj,

} \
usedi. These conslist of a dock of onrd. 'horo esch oard

& singla- the pattoru.p,!ﬁo cards

A - T

olumng 10-12),

BERES T

using the oparations 1n'-yubolic form f{c
struction refers *= A lyabglic fddresy thet is the gume
repeititionas of the subroutine, the card is punched with
{colusia 13-17_.,
ths multiple-address fora, the columnaz are left blank,

the patternp doack contains & set of X punches, determing

Tha code may contain individual singie-address in-
a0 that they do not run through

r~addr9ss process is based

subroutine

stands fsv

I the in-

"
4 ]
1]
Pt

this address

If the saddrezs is that of one of the arguments in

2ach cs»4 of

which of the

nine addresses to substitute in the symdolic address position (col-

usns 24, 30, 38, 42). See figure I,

a8

Frpram ety 7 mvmwv% »'qx
wet NP\ B S A  ERAKDTR Y VR O s

In addition, the caxrq carries

]




a local serial numder indicating ics position within the subrcutine
(columns 48, 854). Ths firet csrd of the subroutins pactern bas an I in
cclunn 18. Column asaignaenta are shown in ifigure II.
The stepys in the translaticon process now follow:
1. The code is punched intc a deck of cards numbered serially in
decimal form. If an instructicn is named, the name is punched in
columans 1-3. Either a single-address instruction or the name 5f a
multiple-addreas instruction is punched in the oOpesatéon columna.

) 2. Ths ipstruction deck 1- gertsd or cha,op«rutxon columns. The

_‘4". ' .
‘ 3

singiv-addreas in-tyféi. - are set aside apd the number of oc-
.L\~.\.;.\

v l;,~.‘\ o
currencer of ench diffearent sultirle-address instruction is notsd.

3. The multipie- uddrobq\inutructiona are. pi-cod in the reproduce

i U T o

feed of the 519. A number of sitancard subroutine decks equal to

the nuwber of occursencea 0f the multiple-address instructions are
placed in the punch feed im the soried order. The cards are then
punched usinz Board No. 1. The cards i1 the punch feed are now
checked in the reproduce feed with Board No. 2. This deck is then
lumpsd with the single-addreas instructions to form a complete single -

address inatruction deck.

w Eﬂﬁy‘ ; ;
R ATE A A A A e ana
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Coluan
Yiumbers ve 30 36 £2
1st
and B
3ra X
4th X X
8th X X b
ot X X
7%k X
8th X X
oth 'x g Yo -x, s
Blank or Ay Y mee }
filled !' X _ 4 ¢ \'7,. X
s TS
| e




FIGURE 1]

Column Assignmenis

gubrovtine card and/sr singls address carxd

1-8
6-9
10-132
1317

por
®

v
L)

25-29
86
31-33
38
37-41
42
43-47
48
48-53
84
53-59
60-64
65-63

69-70
71-73
74
738
76-80

Name of instiruction

Main codo serizl ro. (decimal)
Symbolic operation

Symbolic single address

First card X, subroutine deck
First =
Substitution coatrol X
Second multiple addreas

Substitution corirol X

. /-} i Q ) 1’ )
Third aultiple address : p b nd SRS D g s
il ~ RSN
Substitution control X. . -- B L
Fourth wultiple sddros.i : T T
. ’
Substituiion comirel X - P
‘.. - -’;’
7ifth aultiple adiress - e
i \\d"ﬂuuwﬂf‘“’.’.’

Subroutine agrial

8iath multiple addreps

Subroutine serial

Seventu enitipis; address

Eighth wultiple address

Macbine location of imsiruction (thres #sxi-decimal digits and
X for left-right indization)
Operation in muchine code

Address in machine cnde

Lelft-right X f2r named insgruciions
Dictionary x

Hinth multiple adaress

31
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4. The Single Ldirens ianstruotien deck is& z2orted on the decionl
serial numaber to return it to proper sequendce.

8. The instruction deck is eszquence punzhed from a doubly hexi-
decimal numbered deck with alternate X'm to iadicate left and right,

i. ¢., the deck is numaberad as icllows:

~

550
000X
001
001X T

00A X

otc

Thie is the assignwint of machine locetions to imstructions.

3. The instruction éack 18 sorted = columun 1 and all cawed in-

atructioas sare pulled out.
7. The named inetructisan carda are rejreduce punched iato 2
dicticnary doox, the name guiang into coluans i3-17, the hexi-addross

goinzx into columus 71-73, &nd ihe lelt-fight X indicator into codumn 7&,

An X is punched in cciumg 78 of the cards in the dictiovnary deck.

o R I 2 kb Ftg
A e e g S B




8. 4 nusmhur dictioaary deck is preparwd containing tihs syabolic

mime oi assh addrese; which iy included in vhe code, and yet is

not tke addresz of ap iastructivn. This deck also contains
pasudc-adidresses, e.g., the number of right and left shifis.

Y
These names are punched ir coluuns 13-17. The wackne lazztion

corresponding to each name is punched in columns 71-73. In

ths case ¢f a pseudo-address the hexi-equivalent of the desired

Py AUSABA ISy
ex
-

S ~~.,."
nusber is punched m,thdéé ’5%1%&%"3 %hp; ‘ibqignuant o2 machine

4 e
ey

iocations may be gono 1:4%?5’,,;13-n?:;éannc;,punched wiilh the

hoxi-deck. !ach;eégg contgins an X punch 1q,éolusn 75. These
_ B

cards =re lumped with t;;N3w3h~400.~8t65“7‘ts fcr= the complets

dictionary deck.

8, The Aicticnary 2:cck is put in the sorter followed bv the

instruction deck, and the sssemblage sorted on columng 13-17.

Each instruction card will now follcew the dictionary card con-

tairing the symvolic nzwe referred to by the instruction.

10. Thi= total deck i= now master-card gang punched and checked,

insgrtiug the hexi-decimal addras=s from the dictionary card

into the instruction cards.

R s NS
L S LS TN T R .

L L e,



11. The dictionary cards sre now reaoved con 2 sort and the deck

is sorted in with an operatianz dicilonary deck, In this process,
loft-right variabls operstioas (much g2 IM, TC, etc) have two
cards, the right refasrencée instruction carrying an X in columz 74,
The operations deck is put in the sorter, followed by the in-
struction deck, and gortad first on column 74, then on columns
10~i2. The assemblige 12 now masteor card jang-punched on col-

umns 89-70, substituting the machine form of the operation,

- e

n..»"" . a X T e
12, The code is now cbﬁ-piqté.,gggg;ﬁ__.,’- %hprinted for transfer tco

magzetic or punch tape input.

Wiring diagrams for Boards Nos. 1 and 2 ara given in figures 111

K

and IV. dowever, '1rin¢-dls¢(§l= 2

are not inciuded, mince the processes prs siapler

wiring for punching and checkiang is straightforward.

No. 1},

inforgaition o the first card of the subrouilas deck,

and the rsguizite

arl;hgurigroducer for stepe 4 and on

Concerniag Bosrd

the 519 ver-ds gus 2374 in the read feed and tran=furs ail of its

Thiz is controlled

by an X puasch in coluwn 18 of the first card of the subroutine deck

actuating the 80-column smelector, The ipput to the ssiector syptem

which governs the substitution

of multiyle sddroeees into singiec addreszc

[
»
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pogitions (B from the punci direéct hubds;, so that substitution cepn ba
mads in the Iirst card ¢f the subroutiss. Although the read ifved im
heid by the seccnd cerd in the sudroutins deck, the roiiers after the
2irst re=ding hrushes =2ti1ll operate. This ;ermits comparing the re-
produce punching into the first card of the subroutins dock, Although
comparing is suppressed after the 2irst card is tbhrough the gang punch
and interpreiing brushse, & back circuit exists itarough the flux linkage
of the comparing magnets via the comparing and trarvscribing brushes,
whick are now connected in paéallgl by the copper roller. This results
in erratic gang-punching. To prsvsant this; the Ciodes are inser:ed in
the circuit as shown, saving one pass through the rsprodusar with =

special board for comparing the reproduce purching,

v AIRE sy
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NARSC TRANBLATION SROCESE

X, J, iwmac, ¥, Lpate
The following is 2 Brief description of the code £3r the XAREC
tc perform the translstion frow symbolic to maciaine coda. This code
ip itec:f written to be tr.unslated by the IBX method,
8o firse part of the code is concerned with the dictionary cor-
sisting of the variables, constacis, and parametors used in the mein
routine, In symbolic form these are represented by five letters, num-

bers or & coabinatiom of both. llch letter or =uadsr i3 oos of thairty-

-

Nl
7, e

twe pomssibilities and .gn;- h b!ﬁrﬁeen Esda _‘.ax-.l binary systea by fiss
LY Y
% e
bits. A complete {édro-s %3\ (i?blip,:v.a villh thsrefere, ocdupy
g

P i },

‘. \ ’l

twonty-five bits, ;> varizbles are resad inte the =machie in awmholie
\\i\q . ER ,N##,J

form ocoupying the last twintrafine-#:iT¥8 of the storsze words. They

are preceded by a word containing the total aumber ci variablez, con-

stants and parsmetcrs, Addresses are assizgned to the variables in order,

beoginning with the firet. Now the dictionary wodds have the symbelic

form in the last twenty-five hit= and the machine code for address ia

lefit~-hand addremséa pasition, Thess words are then tranafarred to

5N
o
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in tns dictlicooary, 85 describad LTeiovw.

(1}

to appropriats placs
in addition, & blenk wer4 i= stored in the iast klock of the dictiomary.
This wi'l be usefnl for translating bliank and no-addroess instructiions
which call for zeros in the addrecs position.

In order to =hcrten the process of svarching through the dictionary,

the variables ars grouped in the dictionary in thirty-two 0locks, all
the variadbles in the =2azs Glock Lhaving ithe saas leit oard ldetter in

symbolic foru. The variables whose symdolic forn starts with 69000

- BT (P,

are steored at highe t/l("’@ %qp dMstions

I,‘

c \\ 2\
enever a -dhrch of &he- dln"oﬂ;é? 14 nﬁdo. one needs only to
2AOHTUA

deal with the apperrlc g bicck of the dictiguary ss determinad by
‘\ k - 5 o 5 Gio

s - = - P, | }’:r l“.’ £ il . =

the isft-hand lett o?\t.g‘gypbgﬁ_:ﬂjpri of the varisdle. The ad

areascs of

o
Er

g Tir

(]
(4

-dctionary woird in e¢ackh block are sntored in tks

thirty-two focaticns beginniag wihh STORE.

w¥ith OPSTR. 7Yhe sysbelic form of the operation will appear in the

155t ninetess bita on the right. The machine code for the variables

will srnnesr in bitg 15-28. PFour eoxftra oporation words which deal with

the varikwbie operationa ™ 6 RE, TC, and CT arxe iiseiisd 3t thks besgia-

niug of the liet of oparaticas. Thia =akes 1t pomseible for the
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machine itsslf {0 determino whether theoo operations should rcfer

to the right 5 (3ft-hind order ol the slorage word, -hem an sddress

of the instruction refers to &noider instruction. The operatioa wmz¢ds
Siloving thesa {irst four will contein INR, INL, RER, REL, =tc. A
negativa werd is stored in the locatisn ismediately folilaowing these
operations. This will indicate whzu an operation appéars wilci does not
correspend tc any which are listed in ths sachine.

To shorten the mumb¢r of words tliat have ito be read into the machine
éach time, & surisme of instructions: which appear more thap once in the
main raoutine is designated s a pattern sudbroutine and a nawe is as-
signad to each. The inatruciions cemprising a pattern sitrouiine are

stored 1o the machine in ly-bollc form. The instructious for esch sub-

routine Are precedsa byf§<¢é1’!!;??=§i~4-. T2 first preword contains

.\.!'

: U o~
the total numwer of/'or“ \-‘iatln( tc"‘t@
%, total auwber of addrollou to be iﬁ'€§¥oa im subroutice in bits 9 through

----- <|

routine in bits 1 throigh
13, muaber oif gr&-prds in hita"14 Eé?sé;a i3, %iimor of nuaeqd izsirue~-
tioms in .ubroutino Qp btts 17 threggh ‘9,’9i§ the sywbolic nsae of sub-
routise in bits 30 tthi'l.ll. Tho q’-cfilng DreYords containm suc-
cessive differences bsiweszn the a2ddresses oi the instructions vhere the
variables to be used in the subroutine 2ave to be irceerted. BRach dif-
ference occuries five bits, so tkat each preword, exaepting the first,
contaips oight differences. i word containing a negative zumber is read
in after gll the subrostine words. This negative word will indieatoe
whken the neme of & subroutine appears 1in BANK for which no set of sub-
routiss vords was put into Vhe machine in tXs block beginniag with SUBRR,
§astructions in the main routipe are read in order imts BANK  gong

at & time. Ordinary instructions (i.e., all instructicons except taose
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cailing for a shift or a block tranafer operation) are read in with
address occupying 12zt tventy-tfive bits of word on the right and spar-
avioan in symbolic form om t22 left., An imnstz:=ciion wailch refers to

7ew® will De read in vith zercs in the last tweaty-five bits,

B
]
)
£
b
.
q
&
H

An instruction whilL Ciiis for a 3bhifit is read in as 8 negative veord,
The positive forws of the word will contain the cperation in symbolic
form in bitm B8 ¢tarcugh 19 and the nuaber of bits to be shiftsd in the
right address position. Tke first four bits are zero. An instruction

which calls lor a block traza?sr sust occuPpy 4<wo storage words in
' R 4 U'A ‘ﬁ\

systolic form. The #iret word waich myst bepuiyred negatively wiil

EA 1

a'of firsk variable to be

| 7

transferred ino last tgéhggdrivu bits anu'bng{/tx&alrar oneration
T P

on the left. The first bit will contasin & 1 to distimguied it from

contain the uywboliaq forw ot “{ie’ddaren

any otker nogative iastruction. The secound word will contain the
avabolic fore of Lthe address of storage location to which ths first
variable is to be transferred in tlhe lest tweaty-fivs bits and thke
rumber of variabies io be transferred in binary form in bits 12

through 19,

41
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When a patisra subrouting cccurs in the code a series of worde
are read izto BANK. The first word contains t e nage ¢f the sub-
ronptine on the 2ichi in the lagt twentv-_fiwe Lite and the mohwoniine
indicatoer on the left. This word is folilcwed by a series of words
containing symbolic foram of variables thet Lava to be insarted into
in@iructions.

If the word in BANK is positive, it is tested first to see

if it is ths word of a named 1n-truction. If it 18 a nased instructios,

. ;-.:-'“‘"'Uj
! i \
it 18 tested to uetorllne to which oi ;&e ihx‘ty iwvo blocks of the

r- l‘

ST
dictionary (origiaally contaxning varihblos oniy) it belongs. All

: J
the blocxs occunvtgg zovor storagt loeat %90! are moved up one tc meke

f"‘
e L e

room for the named instructior. Tr: nkwe 1ndic;tcr cf the word in
BARK is replaced by the address of thé permaneat storage location aa-
signed to this instruction. Th? word in BANK is then transferrad

to the approupriate piace in the diciionary. It now occupiesz the
first storage locatiosu of the block of variables. The spprepriate
addresases conteined in STORE are decressed to correspond tc the new
storage locations 20r the variables resulting froe the LSlock tracnfer.

Instrictions in HOLD ars checkcd to aee if the address in any of the=e

|
|
|
!
E
\

S N R N e e T
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inatructione corra2sponcs to the address c@%hil named instruction.
Every instruction in ROLR must 5 checksd. If there arce mny whose
add:ress does correspond, these instructions are translated into
machine ccde and put in the appropriste storage locations. Then the
instruction in BAFK2 fcollowing the named instruction word is trane-
lated.

2 thée word in BANK 1lznet & named instruction; thsz it is tested
to @se 1f it i3 the nama cf a patterz subroutine, If it ie ¢the naue

" o
X ! 4 . CoNLy

¢ )‘ ’ 4 o KN
of a pattern .ubrogfiﬂh. then ths,vurii%k@,‘\g be u@ed in the sub-

t ".7 T A

retine are put into the atpiépftiéokinitrnct13% words of the sub-

routi s, Thea alllé' inStTFucilions in t;z;%inoutinc erss trans-
ferred to BANX and 2ach one is translated as si inatrvction.

If the instruction in BAMK Goes not iuvolve biock transfer cper
ation or a shift operation, it is am ordinary ipstruction with syubolic
2ddress in the last twenty-live bits on the right and symbolic operstion
on the left. A search of the dictionary is made to find the address
©f the variable coiresponding tc the syxbolic address contained in
the 1lastruction. If nc word can b2 found in the dictionary which cor

reaponds to thig address, then the address iu that of » asamed in

structicn winich has nct y4t been brought imts the dicticmary. The
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operation is translnted snd then storzd together with the svebolilc

fora of the addres= ia ACLE urtil 23 haaw word is added to the diction-

&ry: If the word is in the dictionary, then tie addreaa s? the per-

nanen’ storage location is taken out and pnt ¢n & {éemporary storage

location. A #imilar procedure is fcllowmed for ths opssation. A

of operations. If nc operation can be found

@
o
'Y
]
o

search is made of th
wkich corrasponds to the operziion ir the instruction,; theé wmacaine
will indicate an error. [f it ie found, the @achine code for the ope-

ation is added to the se:d‘*@nz-g,xgg.’nchilq\Fode for tne sddress.

l',.. OA
We now have the instruction in the desired. poﬂoé\for-. occupying the

e L

(J‘” /.l..lh'."\\
right-hand order of the storage word. If this i¢ the first instruction

’.'

that has beoen translatod:“oxm}f it is an off-r mbered instruction,
A s e st 3P =8

then the instruction ie shifted to the left-tand orasr and stored

in PORE. I2 4 vem-numnbkeread instruction, it is added to the

{4
(23
13
&

word in PORM, giving a word witi am i=ugtructiion in both the laft-haad
and the right-hand oxrder of the word. The word is then transferred to
the approjriat~ storage location. If the word in BANK iz stored ne-
gacively, tt involvea either z shift or 2 block transfer cpsration,

If it ipnveisass 2 shift operation, the vumber of Liis to be shiltgd

44
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1s stored in right addrees pozition of a temporary locstion. The cpss-
ation 13 transiated zs5 that of an ordinkry iunstructics snd the in-
@truction !5 stored in the appropriate locztion.

!t tihe word in BAFK :is negat!y: and involves a block traasfer
instructicn,; it must e determinad whether the previous instruction
that was trarmslated occupied the right or left-hand order cf storsge
word. If it was a left-hand instruaction, zerom mus%i ba inserted in

the zight-hand order of vord since the block transfer instruction itgelf

Sy

R X 3 U .
sust occupy an entireidsqd{‘ vhn fivat '0,_ %?1"": will bD® transiated
(3 o

¢ il

: ; o R
48 an ordiaary instruction n&kfﬁgibid'in&n tanpcﬁnry storage location.

4
.

Only the a2ddr:sss of tﬂbmtocqnglyq:d_i- txang}pﬁed since the rest of
T P
;! e
the word is a aumber ia binary form. Thus, the whole block trazzfer

instruction is set up ani stored in aprropriszte storage locstion.

Py i 22
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BANX

LYAX

2ANK]
BTCRS, 37031

STORL
RA 32
TALI

DICTL

ADICT

SUM
2n4$
ASBGN

732
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m&ar m\\"'rm '1%

Y
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[oS=- X 30 4
SEART

Féroe adareen of geusrzl froe group of storsge locatiors.
Contains address of laat storage location for varisbles
plus one 1n the lexXi adarsee . STARIoA.
Addros= of BANK plus 1
Addrsg of thirty-iwo storage locations used in routime.
Ultiwately ticae contain address in dictionary oI fipst
varishls ia cach alphanus=erical group,
Containe address STURRA.

Lirty-two in right address postticn
General puipose tsl&,—
The next- to~1-at—aaurun‘vuw AQO‘QSr-lnoit set O0f SBVOF&g?®

106:!19&9 to be asaignec ep-;hcﬂﬁzeflonsry

The last addrass of.) ¥nb| psrdanent u_t oi estorags lccations

to ve c-l{:nod ts the éicosoaari ,;
Addresg of ﬁxtﬂ-newasy 1 -ggggrloeet;gg
i

Containg tho oegativae of the nusbdber of vyariablza im
dictionary
Addromn of sturage locationm usad 16 isliisate that

ictionary bas not bheea sddesd wup previcasly whaa £t
contains a w30, to indinate that dictionuniry has been
8d’4é up previously whes it comtains 3 negative cuantity
Coatains dictionary sua
Contains the Dipary egurvalent o2 a %Y
Containa successively nddress to ba asmaizned to ecch
variabl. 4in dictiomary
Address of a tekporary aotorage location
Addzeasn of 2 tewmporary sisrage 1ocatiissn
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LRARS 2 Gwe i the tweifth i
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SUBR Addiress 09I fivet storage luc2tion whaze zetiern subroviines
are atored

1Im2T Containe addresz cf etorzma lovation e La zusigned ¢o fiwat
instructicn of mEAn vroutine

Coztaine sucse3s8ively sccress of storage iocerition to de

=
Y

assigasd to each ilnetruction of maip routine

STIN Contalins addresa of etorage iocation where first trane-
lated instrustior ie to be atored

KW CcH Addrsss ©f wilorage iocaiion uied to indicate a ieft GrFder

instruction shen it coatains a negative word

BRANKL Contains t ‘Wasﬁ BANK vy «

L Lo 1 Contstnq .uaco..xvoly tnc‘lnnwolo 8! word in BANK, etc.,
which is being grmpsimbed S f

OPIND Addreas Qﬁ storage looatton ucsed }5’:adtcato that the

zranslazAGa aﬁ aa addret- ehiia"" foliowed by a trans-

igtion of an oporatton wvhen wnxrd {u ADIND i Segaii
A non-negative word in CPIND indicates that address

Ve

first trenslated is socond one of a bBloek Framsfer im-

struction and therefore ac operation 22suld be translzted.
BFTiND Addrene cof Shorage 1neaticz uead to indicato a Bloak traszfsr

instruction when it contSine a aegative nusber ap ordinary

iastructicns wvhen it containse =ero.

IRADD Containg N cue An thirty-cinth il aad Zerve cisevaers
YALI3 4 general-purpose itally containing negsiivs of the nusber

of ordinary insiruciion wordam in HBARK yet to De tramslatsd

Y
L]
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o M-u&ﬁ:;«.._ X 5 R




TERE AGdéress ol A gemporary xtoer&ge locatioo

NIKD Contains tiEs nuz=Bar used to andicnte 3 oamed instruction
in right addres® positica

PEIIENY ContRANE & ONW ik CwwAiih Dit and in thirty-maings @1t and

z2eTO8 oloewhere

LAlSS Containe binary equivulent of thirty-two in left-addreec
positicn

BOLODY Contains address f firast storage locztion whery :nstruciioos
are beld until new words are pui in giciionary

NHLD contains the number of iasiructions Lsing held for gowr

dictionary vords

OPTEMN contaiuns successively s,zooltc form of operatico aof each
antructioqf, : - \
OFETA Containa s;éreee ol t;rnt -toquo Locdtton where operations
T '.‘b,,-J/. "
ars storsa /!
(" : &
SADDF Containe addwass of first etes,ge’;ésnt;ag whare the in-

strustions whick Wwe.baing-4eoTd for new diotiovary words
are to be stored =Zhen they are translatesd
2m Contains & ono in first bit and zeros elsevaere
SUBIXN Contains the number used to izdicats & ptttorqhubreutino
in right-address poaitica
RIMEL Contaice the addraes BSUBR
WORKX Conteins sucscessively the ». i~esses of varisbles ion BANK
waich 23 inserted into instructions of paitern sudbroutive
Tmladl This .2 8 ganeral purpose tally used whea i1nmertiag variables
ia the appropriats instructione of a puitavn subroutias. It

costains the cegative o the number cf diZferences in preward

N I
vMmy oS

3 s o o "
% 73t ¢o s coasidsred.
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iy

X}

AP T
s

FOUR
POFR

OPGAR

DICLI
LRDEP

R Doy o B

Adur€Ew ul B temPGTa Ty BLOTAEE icC2Tion
Adéerosa of & teaporary mforegse lcoetison
Addresa of 2 feaportry oiorage location
Addrcss of a tsmporary s*orage lecaticn
Address of a temporary storage lccation

-9 -4k

e
-
»
LY
3
[ ]
4
-
3
)
]
¢
[
3
-
)
o3
1 4
0
"y
[{% ]
'

T e wmeccwrw

Containas binary egquivalsnt of five in right-address position
Used te indicate that addres= of ipstructiion velers 2o a
laft order instructics when it con2aiue & negaii.e word,
rofors to a right oider instruction stan it coniains & zero
Containe binury squivalent of four in left-addross piosition
Addrse® of storage locaggpn where lefi order instructicons
whichk kave bocn tyanolntod—lrc six?!d tsmporarily

Address of otortgu logation wkere. ];lt ordcr 2 dlock iransfav
instruction 19 cteégd'tqd'prdégly

f
Containa & du-hor indicating error in dictionary msancry

Contalns a nuiba; indicitiig an 4906} in pattern sub-

"v-‘ e

-t
B T

routines
Contalss a number lendicating an error iz =tsieage oi oper-
ations
Addrass of storage location pucceedir gz DICTL
Used to iudicate, when an iustruction Mtaken out of HULD,

wvheiher or nct it deals with one of the r2:rizble operations

Uesed t0 indicate when tko 1. atruction is toc be atored in

HOLD zfter ocperation has been translsted

42
: = s e - . ST — s Tp e R N g P e gt
£ i e N T T A Ty ) SoLL 4 L ,—5“0‘ R Eels, ™ i e ae T LT Famem iy a..-.'xv»'pq; \W:..—*""“ G
e S e S s et LRI | gt i T T



INSTRUCTICY CODE FOR THE NAREC

Operation Coding
Cods 8ymbol
10 L
11 TCR
iz CTL
13 CTR
b {1 REL
a3 RER
22 )44
a2 IRR
3]0 AL

e §L Tty o AT
> .%ra;lgﬁ‘%

28037 e

OPERAT IONAL (NETRUCTIONS

Trazufer the coméral (6 the left-hamd order of
tae wori At MIUXSJF? iocation 8.

Transfer the control tC the right-hand order of
the word st storage locatics s.

If the nusbser in the A regisier is greaier iban
or equal to zsss,. transfer the conirol to the

oft-hand ordzr 2f 2he word =t storsge locsation

[

; cethevwise, proseed to the pext ovder of the

routine. .
.
It she nﬁpﬁbiﬁtkﬁtaa/“reQx.tor i®s sTeater than
N = ' TTw r.';!:m e
®r-ggual ¢S zecc, -Ayapsiss the contrel to the

rtgnt-qpﬂﬂ{;' féWQb\&bo word ot «Livage location

l"g: otherwise procsed to tid cext order sf ¢he

g

o
;
4

-
-

Replace GIFIVE U throwsn 13 of the word at

storsge loocation s by digiia § through i3 of

rﬁ&&%.&;-'"' e

the woFd in the A Tegiscor.

Zeplace digite =< Shyoush 38 of the word 0
storage lucetion o by digite O tavoagh 12 of

L9 word in the A regisicr.

Incracse the alcrasc-loSation designation of the

ieft-hand ordcs of ¢the wmord At siorage L0Cation

increase thne storage-locar<on designatica of :he

right-haerd ordey of theé wozd &t stuerage 10cation:

] hy ode.
8237t the contents of the 4 2nd T regicters

(excepting sigp digiie) o piacves 0 ibe isiv.
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AR
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The Cverficwas oo ine iaft of the A regirazer

A0 BUCCWE:ivVILly Places (n the vasated digiral
positions of the U regiaster, while ths vacatesd
positicia of the A reeiste? are mado serc.
Shiit the co=iwe’® 9f the & v lwdwy upmrescling
thée sign digit) n placez to tha right. The
vasated: Jigital positions on the lsait take the
saae condition a2 the sign digit. ana tre over.
flce 2t the =ight iz dsopped. The contanta

of the U register remain unchanged duiring thuis

operation.

Read th- !ofée,fctpp'a !hq ‘start” acd “stop”
PP 2 S

mdzntmua 2708 the ma \;irn i the weg-

. -

tis -tape rz’do: tp cqrnccut1§§ miorage lo-
c-isona bc.tailéi i;g;’etogncc iocatson 8.
loco?l\:ho 9ord at storags 5mctt:w- 2 sz ths
sagnatic Wm{‘uo -tape recorder,
Tracsfes the nusbor iz tha U register ¢to the A
sogluter.

Trazsier the nuctsr in tho A register to the U
regiatar,

Trassfesr ths word in the & rexiziss IC £ioraze
location 8. i
Trancfer the sumber in the U register to storage
location s. ‘
Transfor the worZ at storsge lgoentiom 3 to the

4 regisater.
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71

TAD

MAB

ADS

WU

DA
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3

“ransfer the negative of tkhs anumbar av sterage
lpeation 5 to the A regiater.
Treasefter the abaolute w=ius of the nusber at estorage

incation = Yo the A regieter
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Transfoay the nesaZicg o

(44

aumDer at storage lon2ation 8 to the A register

Add the number at storage location = to the word in
the A register and piace the result in the A register.
Add segatively thé nusber at storags location s to
the word in the A register and place 3tué result in
the A register

Ac¢d the absolute value of the number at storage
locatioa @ 4p the number ip tus%3‘¥§~totor and place
the roe?lt in thg(ﬁ\j‘qtffvv\ 3

Add ns*d’nvtly the abmolute value o ,’ the avaber at
storags ldhot;on e-to the nu-bogfin the A register
and place ths - v AJ;wyiit.f

Muitiply the mwmtur at =torage locatics = by tks
nu=ber in the A regisiar axd fore the high-urder
product ia the A regietss snd the lcow-order product
ia 25 U register

Huliiply the number at storage lccaticn w by the
cusbesr 1in tke A register and fora the rounded-off
hBigk-order proasct ia the A reglster

Divids the uusber in Lae A regimter by the number
at ¢iornge lovatica ® and fore the roundsd-oii
quotisut in the A registar

Reget the U re«isidr To zero
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routine a7s resd ints &&ch.xe in loweet address first.

lzat twenty-five

bite

a&z:z;aamgaamszuwamwwnnuﬂﬁsﬂsﬁﬂn!gﬂgmzﬂszsﬁﬁﬁaawEMEEE:;umﬁ%ﬁﬁﬁﬁﬁiﬁﬂlﬂﬁ%ﬁﬁéﬁ@!Eﬁwﬂséﬁgﬁggg

ihe variabies, coastants, and perancters uiedE in the main

Thame vur-

fabloa are in rolniive foya and ocoupy tha

of the storage words begianing with BAKXl. They are preceded by

a word in BANK contajining the te¢rnl mumber of varisbies, constaats,

ané parametera located in the left-addreas positioan.

ASSCN is set up with the addreas in the machine fazm to be

assigned t0 the first variable.

ih6 neffative oi the total mumber of variadbles, etc., is put
in TOTAL.
Tl and TALI ave se¢ . Ti contains succeasivaly the pertial

rums obtaiped aiter adding each variable in the dictiomary. TAL!

containg the negative Of the numbar of variablenr yat ¢z Y2 added

to the sus. Yhen TALI boo?wﬁ:é-?w:ubhn heve beea
adéod. al? """»,‘;7 N\
3. Tae maxt Sacinble s cdacd! (b the partfsi e 1a T1 s2d ths new
partial ssm 1r atored .e 3 2AOHTUA ,}

TA3I is ime -====\§E§'eollfiga"w6ré is.rug}/;vpoarg in A.
3. 12 TaL: . saee WEon Contrel i®
tranaierred
4. IR TaALY i3 Sasative ¢he izctizustions i 2 are adjwcted and
control is tramsferznd to 3 to repéat the procesa ustil all the wvords

8. ©word Az ADICT iz SNt ie a.
Note: ADICT im used to izdicate sbsther or not the dictionmary

vaa addcd up. 4 wegative aunbcs i1a ADICT iadicates that the dictiomary

has been cuksdd up previously: a ION-REgRLive nuLLOY indicatec that

it bas not deen zusmed.

>4
=

=] 12 where

8. If ADICT ia not-=ess

ADICY ja ohsmesd ¢t a2 rvagsiiss aucte%.

L.
T e e e G O DT T 1 UG SR S



7. The sum obimined previousiy frcs adding up the Alctionary i3
sukbt.racted from SUN.

The f{irst tvelve bita cf the 7eanlt are eliminutad hy 2 Jafi and

right skis%

MOTE: The first time dictionary is acaad up, the words contein
only the symdolic forms of varisbles. After thigs the
dicticzary words contalc A)GES tThe sachine codd in left-
address pnsiticn. We want only to compare tha aums of
the veriables in sm

8. If the difference bat’i{n(ﬂh“ g%d"lhl!ia,wiug\nogntivo, control
is traasferred to 10 to ﬁes 12 the diffoxroace '&r}k .

9., 1f the differerce botvgon thé’ﬁio nnﬁwli ggnttv’, then the two
cune obtsizmad by adding g; igﬁ;rg At éa::arqnt ;lugé arenot equal,

. 7
0 control iz trapsierred to qugshfo fndicate ap-error ir the memory.

por Ly
S ey

i0. (i the differeuce is not negative, “it sust be determined whether
or not it i¢ zero. The swsiiest possible quaniity iz sudbtracied from
tho differsnce.

11. X2 the resnlt is not negative, the:x th,ﬂitioronco was greator

than zer0 and control is= trapsferred to MDIC 10 1adicaie am error

12, If result ies negative, the Ji225rencs Betwssc the tvo sume is
gero. Coniiol is tracsforrsd to START.

13. Aftey the dictionary is susaed the firat time s nesatiye word
is transferred to ADICT and ‘he sum is stored in BSUN.
14. &ddrsse 1a asaigasd to first varisble in BANX1l, ané is stored

in the laft-addresa position of word i BANK]l. Prom the loft-hand

lgtter Of symholic forw of the word in BANK]1, it ia deterw. ned




- TR m-wmmmmwg?&rag AT SRR il 9 i

which of t#+ thiity-iwd words begiluning wWitnh STORE shonid ba in-
creasnd,
The addross 15 ASBGN %o increossed. Tho last address to be

s@igasd tS varisbiles is subtracted fwom 1t.

(1]

18. 1f the diffsrsnce is positive then all the variables in BANK
kava been iakst Caie 2f and control is iranaferred tco BORT {20},

16. If differerce ia negative, thez ore veriable: have to i dealt
with. The instructions in 17 are adjusted to repeat process and
control is transferred to 17.

NOTR: At this point all the-werds-beginning wita BANX) have
sysbolic form g—’l‘qh’m nﬁqty-!xw bits ==nd
sachine cooq/ in aeft-nddrsac %t.%; \; &¢dition the
pusbar of vuqinbla- né%ié&ﬁiﬁ&;fp: thtrﬁy two possible
left-hand lofiorc 13 stored in the .e!' fband address
goaiticns of thi\\hirty two io!d!/;nfﬁlevk of storage

e e s e
locstions from STORE ¢o 3TOS1. The nuadber iz STORE
15 the numher of variable= whick have 32C3C as left hand
latesr.,
17. insgzuctizas are sat up for replacing the nuzbers inm the set of
words beginning with ST0RE by the addrecs in the dictiomary of the
last worZ beginning with the corrcspording lefi-hand letter.

The segative of 332 is put ia TALI.

The address of tue last stcragos location tc be assigned to the

dictionary is put in T4.

Zero ia put in T3

i8. T4 contains the laet storaz:s 15Gaiion assigned to the pre-
vhousz black G2 variables.

The namber of variables in the previcus block is pui in TI.

g2
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iag thz last storange location for

=)
(14
’A
[ 1]
1]
e
- 4
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be |
»
O
a
)
n
ey
o
ib

H
il
h
ll
<s

the bigek of variallsa, This ie ntores in the appropriite locaiion
deginnieg with S8TORX. (The firet tive the machine goes through
tRhese iagtructicna DIsTL, the iast gtovage looation for the diction-

ary is put ip ATORE aad in T4. The next tias t33 zumber of variables

having 20000 as left-iiand letter is subtrazted fres DiITTL ©to give
iast zdéiecs of variiiles having 06001 a: jiefi-hand lettar Li5

address is stored in BTGRl.)
TALI is inoreased. e

19. If TALI s O Q%l’ib,,ﬁf !é?ia'ié"lxbmt have b=en replaced by tis
A L h ~

sppropriate sdéroqioo;'uo coatrol is transferred to TRAN,

Y

is transZarrsd tc M.

BOTE: At tkis p@la;ﬁtho oteruga lgattions from STORE to 8TOS1
contain the .;:€~;iifo.. where the bleask of zarisbisgs
having = oorresponding leit-Band lotter will be stored.

21. The negative <2 the numbor cf variablie® in the diciiemary is put
in TALI,

2432. 7TFrom left-hand letter of varizble in BANEL1 & is Cetermined to
vhich Dlexk of wver:adliss it Leloags. The variable is stored in the
last location aiiciind to that set of variables. The Word in BTORE
is G2cereazad by omG 25 that maxt wariehls Lacizg samne leit-hsad
lettor will %3 gtored is s&ﬁ%ei% iower storege 'scatiom ©
blook.

TALL iz iacreased.

33. If TALI is zut =sgative, then all the variables have been trane-

ferred %c 2he approprasis plalewn in thr Gictionsry, sc control ie

trassferrad %o £2(28).

¢. i:struggton-¥1n 21 atbfndénssééu@o receat the proGess and conirol
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24, If TALI 13 pegwiive 2ll waricblss Lave not Zaeca triueferrved.
Instructions in 25 are sdjusted to repzatl procasas. (nntraol i3
treasferred to 235.
28. Transfer instruction which occurs 12337 on i set up,
Pnttern sudroutines axe read inio ike macikine. Operaticn words arse
read into the xmazkine.

The location to he assigned to the first instruciion is put in
NUMB.

The address of tie locaticn whers firzi coded insiruction word
i3 to be stored in put iu th¢ address position of PLACE,

SYICE is set up wiih = ﬁttr(}qﬁmvr."‘v \szCd is used to

—

indicaic shether ruc;ion\ iz ¢6 be in the"‘;t‘qr right-hand crdar
; l ] :/\‘( ) .-
ol control werd, . L %
2T g
26, PFirat word or set o% wards regarding lnatr ictisgni{s) ave read
v\ 4
into BANK. R, o oy :
\"\ . o‘/

O?IND, BTIND, TALIZ, are m=st up,
7. Put the word in BAKX ian A,
28, If it is a positive word, contscl i3 irsusiesrred o 33,
20, If it is 2 negative word, control is tranaferrgd to WEGIN which
deals with negative instructics words,

S¥¢. If it 18 a positive word, it 13 teated firzi {5 see if it is

indicate

[14
1}
“
1]
:
8
L 1]
B
-
Q

2 nazed inmtruciion word by subtractins én
& named instruction word from appropriate part of the word ia BANK.

32l. Iif result is noi negeiive, it must be dete-=insd whether it is

[

zero Oor gresgter thun zero, 6 control ia iranz?svyrad to 2
32. If result ic negativa, it is not 2 nawed instruction &xd coatrol
is traasferred to OPER.

33. Sa:allewt possible guantity !'a subtracied from the differencoe,
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34. [f remult {m wot neagative, the word (o BANK is o¢cT A useed in-
etruction. Control is trunsfazrred to OPER.
35b6. 1If reeult i1s negative., tkz word ia BANK is & ramed instruction
with sysbolic fora of the name of the instrusrionm iz tis last twouiy-
five bita,

it iz detlermined from the ieft-band letter of the nawe of the
variable into which block of the dicticnary it should be inserted.
This word will he inserted at beginning of the block.

All varisbles ir lowér storage locationa iire tramnsferrsd to

ong lower sturage locatisn jeﬂ!!ﬁiﬂfﬁblhiga this word in the diction-

4 - £ ~
\- ﬁ -’ J .,
ary. /f‘ A A 4

TALI is 24* up with the pumber of sddresges 1n STORE whick Lave

to ba changed as 2 result of tht."bléér«tfan-tor
a The first word in s!gnx to bs changed is decreased by one., TALI

an,
™.

is increased ome. e
37, If TALI im not negative, all the sppropriate zddresses have bsex
Cuauged ®95 coatrol ie transferred to LABT.
S8, Adjustaents are made in the instructions ia 39 to repeat the process
and controi is transferred to 3%2.
39, The address tC De amszignesé © The insirustion is put in the
ieii-address positinn ot the word in BANK.

SWiCH ia put ino A.
40, If BSWICH contafom u nonnegative mumher, ths instruction is a
right-order one, so contrcl is transferred t¢ TAR (d2)
41, If SWICE contains A negaiive nunbsr, the inatruction is a left-
ordsr one, Thorerore ihe nejgative of thw word is stored in the

dictionary, The negativys of the werd in BANE i1z uput la i,

42. The wovd in BARK is put in the A register.

(er T T e ‘,,r; T t.r\ »q-w- = -‘—'“ Ees ey X W “W _.‘n:'nwn AR I
T A B T S 1 Skt A el R R e T o e ot
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i3

tat
u'\
ot

NORE im increased,

The dictlonary sue and the total nuwber of wordz iu the dictionary
AT® vhanged %o take account of thg #ew word that use just been iasertad.
44. Now ths iastructions in HOLD must be chscsked to ses i ths symbolic
address just inserrted in the dictionary haz bheen used in previcus in-~
structicas,

Tl i3 set up with tue symbolic form of ths address just inserted
into the dictionary.

TEMP i1z zotw with the machine form of the address,

TALI 1ie set to zero. R
< - i,

Te . 2
Appropréate Aﬁuvnsa=.a inzaddsg 1ﬁf1iﬁ3q‘ﬁ,
45. The nuubgyr of 1n7t"uuti«nl in HOLD sq“quvlaqted frca TALl.
46. If the result is pot uogntivevth;kxtabro are po more inpstrucitions

in HOLD i5 oback, so coh&rol is tremssferred to OWER,

.
47. If tke rossult 1is noglsavp, the next 'ord'in NOLD is ut in A

‘- dor —
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a8 LS variabls opevatiors. The word is stored ir T2, 2 negative word
is put in LRDEP to indicate thet spsration zust be ndjusted if address
Sppears in the right-hand ords~ of the storage word.

The nsgative of T2 is put in A,

Control 1& transferrsd to J33.
30. I iuatruction word ip BOLD is stcored pusitively. then & non-
negative word is put ii. LRDEP.
1. Operation in macuiune form of L&y zddress, in (ym ic foru of tke
word 1n HOLL, i2 separsted. OQperation 18 stored in V2. The syabsiic

ructicn which was juast inssrted in

‘
2y nnmad ine

[y

0

form cf the sddrese

eoaris o e A
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the dictionary iz subirscted frozm syuidnlic form of the zddrsas f

this instruction Lis ROLD.

i 8%. if resuit ia not negaiive, coatrol ia transferred to B8, %o

: determrne whether result i= indeed meroc.

|

| 83. 12 the differsncs Ustlwoen the two nddreessss i3 pot mero, adjust-
|

\

oents Are Bl fe An apyroprists inetructicas iz, aad control is trape-
ferred tc, it to repeat the prcecess with the pext i=struction in
EOLD.

54. BU 2ues

S5. it result i8 6till non-uogative, coz=trel iz Zrsasfsrrad to 88,
$6. If the addreases do corrospond, tis machins code of the address

ehich aas bYeen stored in TRiP iw added to the machine form of cpératioan

Z. Thoe numbar

o
-]

whiak hae been stored in Y2, The result is stored

i3

ia LADED 4@ 2ut im A.

If aueber i> nos,dih‘tgpg; thed tho-‘p-rnzion is not a wvar.iible

. T+
one. Coniéroi is tr‘:&fe?-ei to €3 f%’

L\\J

(¢ ]
.

38, if the nuanex im l.!(iiit, qﬂnn:phs operuki ia & variable
onw &od it must bt\@oxorninod wvhether the saq{;on refers tc the

*, rd
i=he => left kaszd o)ipr ax 2 =*~ra¢u word’

of this im2truction L2 zuc iz the A regiater.

3P, if tiks word 1e 2tored noamitively thea the a@éreaqku of aa in-
iz the left-haad order of tho storsse
word. liothing ssed B doas ¢to altsr operaticvan. Control Iw (rave-
ferred tc 8TOR.

6C. If ehy wora .. etorsd negatively, then tke addrsse is of an

- o

Jagtrucive Paaick iz =t

't
h
{ae

&=
-

n the rizhi pand crder of the storiue

1]
1

wad.  The maobine code of operstion 18 increzced »ry one and storsd

e o oS oY ST o ey TS e e g o mfr i 3 FEARRANTCT.
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6l. TALI is added to address in HADDF to determine whers t5s in-~

structivca i# to be stored,

The word cotutaianing the addiress 0f storsge location where the
1 lemrructics ie T2 2§ Stored fs put in the A register,
The word in A is shifted forty-thres pluces to the left so that

only the laat bit appesrs in the A register.

221 is aubiracted from the number sppsaring iu A.
82, 1i the vesult ie uct nagztive, thers ®8= =2 one iz the last bit

'i

indicating that instruction ia fg Le stoered in the left-hand order

of the contrdl word,
Control 1ix tran-fsrrod toomalgz.

T
83. If result ism n-vltiﬁ- n--\-Gf +d L ?-,‘-- n\un bit indicatinz

that iastruction gooqrin ri h:nd ordyg storage word.,
f “‘@‘\
The iznstructioa in T2 ié égi %p| v bt nlraafy apyesss intho
atorage location and f¥.=tcré5 thsre. ’i
Contiro’ is transfervéi to TS /f"/

"y
™ <a

64. Instruction in T3 im shifted to 1.i?“;.na order of word and is
stored in T3,

Contreol iz transferred to 6‘.
63. Block iransfer lilistrucitions are set up.

NELD s aecreased.
vG. Tuw apprepriets we-d in BA iz tesisd to mee ir it is the nane
of = patters subroutine by subtracting the number used to indicate

a Jubroutine from appropiifte part of the word.

-
-

$8. If result is negavive, the word is nct 2 pa #n suybroutiae, 30

Coktrol is tranetasrved to THATK,

&3

T —
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7). The appropriste instructisczz below ars aet Up t0 se8 which of the
pattexrn subreytinsa in Sdhn cerregponds te ils One in RARYE

72, Firsc word of pattarn subroutind 1s put in A registsr.

73. i1 word is nct rerpavive, control is trarsferred to CTiI2 (78) o

neg whetoaew =una .7 sukroutine ccirresponds to mamé of the one in

£45 tG the One in BaNzZ. <Jontrel is transferred to ERRESR
“0 indiczte an error in a pattern subroutine.
76. The difierent bits o' !niﬁ‘“ittﬂﬂfscn loparg froqﬁho first
prevord :f the paitern d'thd%iue .nk ifcépd.
TEHP, the na=s <f the ubrou 1nq 1n'aA!;4’§ ‘ub*cncted from %he

ueme 5f *u> subroutine in SUBR. B big

“6. ©T CT1} L o

Y

77. LOCAT is adjusted co ifimi LroCea" Mmuy he'zepssted with the pext

©

patéern subrouties In SyUL:

78, 8U 2Mi:

72. L. CriF

30, Yheo arrapyirie zub.rcutine in SUBE s found TALIZ is set to sero.
The pwebor 57 sd52Cd36¢8 to be inserted ir subroutine is wtored in T3.
Tie SIoCk iisnsier instruction wiich transfers irstruciicas io subioutie
iz stoxed iz T3. The bilock tranmier instruction which ¢rensfers in-
ftrusizons ir subrout.ns to BAKK f¢ set up. TALI is set up #ith aegative
cf the avabsr 0f uddrasdes 10 be inseried in subrouiice in right-addéress
nosition. TALI® 1s et v with the neisrive of ¢t5& number of wars

ir sudbrouting referyring to ordinary inmstructions.

B1., TALI2 i incraased.

Gl
-
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|
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senialing the aegniive of the nuabdber ! giffercicew

fj.

HOTE: TALIZ
in prevord ret iz be considersd,
82. I? TALI2 is not nogative, contri:i ie trenaferrad t- 87,

. 17 TALIZ ies negativs, control ie transfisrves ts $8.

m
[

€4, TALI2 ie =et up with bimary oquivalent of five in right-eddrass
ploitisn. The noxt prevord of diflerenzea iz gut in T4.

98. PFirst difference is taken cut ¢f T4, Address of inetruction
vaers variable is tc be inserted in determinsd and the variable is
ipperisd. TALI is iacreased.

83, 1f 23] the variables have heen inserted in a2snropriste in-

87. If il the variables Gave not been insesrisd, contrel is trane-
ferrad to CT2Z (84).

28. shsa all variables bkuve beez inseried in the appropristo in-
siruction words, the jnstruction words of the sulmmiue are tr:zs-
ferred to BANE, Control ig trazsisrred to START. =o that each in-
striction may bde translated.

29. Serk iAa BANK 1z put :in the 4 register.

’05‘ If word ie not magative, contiol is transferrad to AiLl19(98).
L. If the word is negative, So38-31 im traasferred tc NRGIN.

the word in BANK i@ sk ordiasry inetructiog, 23 addiveeos

®
(1]
»

i
i

znd operatiza ars sepsratsd. Addroes is storzd Ln T2 sad tas
oparatice is Ptaved !azééili. From left-hand letter of the adccoss
it 19 seteruined 20 which block ox4£§£b€i;;n;f‘)xuéfiii in ATORR ie
SuDLTACtaE ‘rom the Fisol cddress of Shis Llock of varisdles. Tiw
diffsrence wiii &5 vegative ¥ Zsve.

P3. 41 the differenr: 14 xerc, control 1o wrausiérred to SFULL.
W, 7 the dilifersane im nexAvive, the egZAtive of the cuwbei of

varishlon in block f» obtatumd %Xy zubirvacting rndéryves of the Zirst

rar:able iz block Jjumt bolow {rom ths addresass of ZAret veriapls in
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this Llosk. Thiz nueber 1s stor¢d inm TALI. Control is treelferved
to LaOP.
OB, If diZlarence is mero, ithe LHicak of variadles that L== o be
aeavchad im the laa? hlask = ¢2g Gictionsry. The msgative of the
ausber of variadles in this Dioik 15 fouwad iy subtracting 1 pluw DIZTN
from addrese of firm: variable ‘» Mlock., This is etosrdd in TALZ.
96. Tha dictionary word ia 71nt in the i wregistar.
97. Ci CTA
8. If the dictionary word iz storsd nezatively. tha addresxa ia of
2 lefil-order iastruction so a negaitive word o put in L%,
KOT&: LORR will 5o referred to later only if the operation is
& varisdbles one. For oxample, if the operation is IN. LORE will
isdicats vhether right or inst.
Thwe megrtive of (he 2
Coutreol is .u-/ocf& &ﬂ ﬁliil\!ki,)\

. If distiomary qud is g“ﬁin, n’r@ 'tp kom in LORR. The

ﬁ

j=ra
dicticaary word ie ‘t 18 a. TUKT in \

18, TS srsbelic asSyeas of izeiwacticn is spbirscted iraa avnbells
- A \\;
fore iz Jlutiopary. ‘-‘

oy .

. .. -

181. CT CTE
163. TC [PV
103. B8U Iés
1)6. CT RPT
’:“3’3 . - -!;

108. Adfuatectta a¥e made (a insirustiSus 0 feFSsi thy process wikh

na3xt wovd ig dictiszary.

TALY i iacxpased.

vl
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107. :If 5D word in dictiomary is found which corr=amonds to addrrss
of iusizuction, control is trizsicrred te EGLD to ztom iastrection
eatil sew addrees is inserted in dictionary
108. if thers are more 7aviakblos to vork with, scutzsi is Srams-
farred to LOOP (35} to repeat he pioeasme.
109. Operation eoand adérves are seperated.

Opesat ioa atored in OPTRM

Addresz 18 s%ored in aymbolie fors after the lasze instructiszs ic
HOLD .

A pugstive word @ put in HDEP, to indicat= ehan oparativugn is
tranalated; that it is to be etored in RBOLD.

A m2r0 e pat inm Tl.

FELD 1s incsSased.

Aédvans of otovmmk;rm’;on is to be stared
(>

is stoveé is EADOL /4‘ the ‘negative Gk “a{uhr in SWICH in tho

torty-fismzak bit df the oz wwﬁw&uﬁsa‘za whother the in-

struction is to h.é\ -arod u tn mrt %r ntu-nu ordev o2 ¢ks

/

atorage wors. ,'
ZADDY. is ncroumd\___ﬁ ,,./
Coatircl is tramsferzed to TCEH.
110. Machime form of sdZ:rcem 13 sto2od in right-sddress peeition
of T1.
Word ic OFIRD i= 2ut i tho & register,
iii. & ooo-pegetivy worpd Andicates thal wWord isc the secomnd ows S
a bleck tram=fer worhs. These is ne csevretion to D treaslnzitesd. so

anntre]l iv tranafesrsea 2 ST0P.

-~ o an

112, TALI An 6% VU ReErv.
Adiuataentes are mad> to fiud Yhe machine codo Isr opsyatiesn.

1i3. Cpersiicn word ia put 1v A pemismar.
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114, CT ALSS

ilB. If oporeticoc werd is aegstive, no word in iist of cperations
is found to correspord tc operstisa ¢f imsireetica. Control 1is
traasterend to RLEROP to Lndicste 9izd» Lim operativs.

118. sywiwlic fors of caeration of isatractiea ig subtrsoted fyom
symbolic form of operatioa steisd ia washine.

117. OCY CYi01 (118)

118. if @diiiorence L8 Bct sero, iastrustions ars modified and TALI

{8 increasecd. Contycl is trearvsferred to CRELCE to repeat process

ith =253t gperaticz stored in the machine.

118. 57 Imd4

128, C7T CT108

1R2. Ksehizms code of operation is addel iS5 addssasd #3652 i= T1 nad
reawlt s stosed 1a wm 3 from susher in TALI to
sse if eporation is ey» ;; tke Jizst fé%ﬂé?;g-abia iastrueticas.
1233. 12 o;ar;tti‘ is aotng%ct?qpfrjésg;rel 1 transferrved io NONDP.
183. 12 opornttégks- variadle, EDEP 1s pat 16 rogister to ses if
instreetios 1o o-o'\Q:th‘h‘to pve iﬁ B&HB tsx aevw addresses arw
adies ie dbeiiesery. S

124. IZ2 XDEP 18 2ot mnzgative, izztrustien is 22t te be stered
BOLD. Control is traasfersed to R24G.

128. If ks iestruction tavelves aa cddress which hao rmot yei coen
sui 42 the dieticunary and if the fsstreelioz iavrolvie one #% the
variahlc epavatisus, TMER the aachine ferm OF cperatien is added to
the svabolie form 0f the addreas and the recuii is stored aezaxively
ip %lD. Coxnlrol ie tramsferryed to TAAV,

23
NS

e,

fi
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uatine isvolves a variable onazziion bt ie aot %o
he ster=2 ia BOLD. them it is determined frem the word im LORR whatlaer
or 20t the zddress yeforred to im the instruotion i3 the righkt sr
192%-hand order of the storawe word.

137. 1f the 9ord ip LORR ic mot megative, the asddvess rsfers te

the left-Laad order o2 the storage oord. Kothine nesd be done abrut
sltezing the operation, sc eomtrol is transferred to TAST.

388. 1Ii the instruntion iavolves & vizinble operation urd L{f LORRK
indicates that the address refsras toe the right-hand order of the
storage vord, the machine code for operation is increased by cne and
zesult is ziored iz Tl. Costrol is tra2asisszed 22 TABW.

129. 1If inetrustion doss 52 iavolve $30 of the variamble operations,
it i¢ dotorwimed irom the word in SSEP whether or =ot instruatice is
te be stored ia WLD.

130. 1If SOIP eextains a nﬁﬂ—ﬁgﬂg&}f: word, inutrwctioa is met to

be wtored ia HOLD amd ggée; ,ée;.aﬂ”ﬂ&to TASY,

131. If WOed mtu a m.ttn word . tﬂMtw form of speratioa
18 sdded to ‘-ynhou fou e-&i@iﬁrp‘g\ wu-zs}, gtarad pestitively
S BOIT, Comtrol is \(reasferred. to TisS¥.

1352, The wesd i3 mw\%nt is &, l
133. A Pesiiive numbder iv ;;;i!'!lltiuto- ca ordimary iactywctios
228 Ssutznl 18 transferved to TAS (148).

134. £ zewative word ia JFIND iadiontes 2 Bicak tramefer imstrwction.

':.

7

”

’hD
)
Y
>
4
b
R’
8
i

Ceaizel is transferred to OF to ik 2z a¢ the =s
idh. The word im BVICE is prt in the A Teogister.

338. f worZ is noi nogativs, cosir?l is trasetarved o CTO9.

137. A4 2s¢ative Tsrd ip BVWICE LoncCioaiam tha' the inatyueties .5 0
be stored 2qhha left-kazsd order of the comtrol word. Tne coded in-

atruction 1o C1 is shifted 20 the laft-hand opder 52 they word and
94
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13 stored in FORM., 3W:iCH is ree2ei and control is tramuferr2d to
1%C3.

338, A positive word im EVICH (ndiciten B right-order insiruetios,
Izotruction i Tl 1is added to 1nstruwctiorn iz PORM o foras a word
with anright aad lzft-order ifinetrucition, SVICE 1is renet and FORH ia
sest to smero.

139. TALI3 i3 imcreased.

i40. If TALIS ic not negative, there are no mare worda ino BANK to bs
taken aers of, 80 control is transferwed io BRD3T,

141. 3IZ TALII 1o negative, thare are Zore worde in BARKK t0 tramslats.
Uork 18 roset and cacisol is transferred to START.

iv8. if wawd iz JAKX is negative, it will be eithsr 2 ahift or

n bloack tramefor imstructicn. The positive fovs 5i the wsovd is put
i=2 0 sm2 i 2, Yopd Lo shifecd 55 that only the firet Dit 3o i

A, 2844 is mabirscsted I70B DesFi i-}'ézluu iv A.

143. If result is net pegativs, ShSE aiixm‘ign invelves a bloek

transfer, so cos /ﬂwyﬁ . ] E'?'«
éaxnt

144. I vowait | Ave,.instruBtfoh {nv&lvcu a skifs. The nuesasr
1

of bita to be ﬁc?‘ ;ﬂ@hiim‘ Coatyol in traaslsrzed to TCR
he -

¢s SFauslate ¢ rat ian, .

143. SBVICR 1 put %‘ bt ‘A togi ttnr. 4
/

146. A positive wcrd in h..:.-_. tndieatss thaut tXe instyvoetiocn that wea

Just ¢transleind Tas slsdt-Eias o=@ omé was stored is Ti. Ceatrol e
transferred ta Y.

147. 11 previeus ifastruction was 8 righi-ovder ose. sostra) iz
trensforred to TC8 (1d9).

148. 3imes 2 Rlogk izsasfer fralsustion takes up & whols wosd, the

5

SACEt-hince ovder of Jrevicvas 1nsdruclioa is set o =ore 17 previogs

instroctlior was n ieit-0fier cRe. lustruction is stored. SWICE im raset.
85

3 SNy 5y d
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2490. BTIWND is set amd coltrol la iraszfarred to TRATE te trenclate
ghe 2172t part 0f the fastvoetiss as Su oydimary iastguvotion.

B . s firot word off Dloak trameisr inmatructioa 1e transiateé,
it is atored ia left-hasnd order o7 STHT. OPIFL is set wo tasv only
8¢ 2dSress ci the aexi word will b (raaslated. YORK is resst.

Ebo two parts nf the secoad bloek ¢tramefer word are samaratel. The
susber of words to be trunsfesrysd is storsd (n TI. AdSreas to b5
cranslated 12 stored i ¥2. Contzol e transfswred ic AR7T to iITdas-
Ja. thy addrese.

Eil. Toe ssmplets block transfer instructicn is set vp in & register

fih trenglated Jorm. Contrcl is traseferysd 2o PLACE &S =atawe in-

L]

rtraction im 4Lppropriate ylace.

H82. MENMER is Feuovrdnd o magnetis (259 10 iedipate am &xFior ia he
diictionary wiss?y.

t3. SR io recorded OB Begaetic taps tc inditate an error 12 a
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